Computational calculations based on density functional theory were used to study the the energetic stability, structural, electronic, and magnetic properties of the Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N in the NiAs structure. The calculations were carried out by means of the pseudopotential method, employing computational Quantum ESPRESSO package. We found large deviation of the Vgard's low of variation of the lattice constant with respect to Nb concertation. The formation and cohesion energy calculation show that most stable compound is Nb0.875Cr0.125N with values of -1.34 eV and -7.78 eV, respectively. In addition, the density states reveal that four alloys have a metallic magnetic behavior, with a total magnetic moment of 3.24 µβ/cell, 2.98 µβ/cell, 2.54 µβ/cell, and 2.95 µβ/cell, respectively. These electronic and magnetic character is mainly dominated by 3d-Cr orbital with a minor contribution of 2p-N orbitals.
Introduction
The niobium nitride (NbN) is a material characterized by a metallic behavior, have superior physical properties, such as: high corrosion resistance, high thermal stability, chemical inertia, high melting point, and good electrical conductivity [1, 2] . Due to these properties NbN has many technological applications, e.g., as protective hard coating for cutting tools [4] , diffusion barrier in microelectronic devices [5] , cathodes of field emission [3] , applications in high frequency devices and high temperature [6, 7] , and quantum communication [12] .
Actually, the investigation is focused in enhance of NbN properties. Some investigations report Nb substitutions for 3d transition metals (MT), for example, Pangfei et al [8] by mean first-principles calculations studied the structure, phase stability and elastic properties of T1-xNbxN in the concentrations x = 0.25, 0.50, 0.75. While Inumaru et al [9] grown thin film using the molecular bean epitaxy technique. In spite of reported in these papers, the investigations of the MT-NbN system are really scarce. For this reason, in this work based on the density functional theory we investigated of NbxCr1-xN compound at the concertation x = 0.25, 0.50, 0.75, 0.875, in order to provide better understanding of structural, electronic, and magnetic properties. We calculated the lattice constant, bulk modullus, formation energy, electronic and magnetic behavior.
Computational method
We performed ab-initio calculations using the pseudopotential method [10, 11] within the framework density functional theory (DFT) [12, 13] as implemented in the Quantum ESPRESSO code [14] . The correlation and exchange energies were included with the generalized gradient approximation (GGA) of Perdew, Burke, and Ernzerhof (PBE) [15] . For the expansion of the electronic function in plane waves, we used values of kinetic energy cutoff and charge density of 40 Ry and 400 Ry, respectively.
To obtain the structural, electronic, and magnetic properties of Nb0.25Cr0.75N, Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N in the NiAs structure, we use supercell method. To reach all concentrations x, we substitute two Nb atoms in the supercells. Brillouin zone integrations were performed with the special k-point method over a 10×10×6 Monkhorst-Pack mesh [16] for a unit cell, respectively. For Nb0.25Cr0.75N, Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds were carry out a relax-type calculation in which all atoms in the supercell move in the three directions. All calculations were carried out with spin polarization, and the optimization process ended when the forces became smaller than 10 -4 eV/Å. The convergence threshold for self-consistent field iteration was 10 -5 eV.
Computational calculation of energetic stability …
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3 Results and discussion
Structural properties
To evaluate the equilibrium structural parameters such as lattice constant, bulk modullus and total energy of the binary compounds NbN and CrN and the alloys Nb0.25Cr0.75N, Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds, the energy-volume calculated points were fitted to the Murnaghan equation of state [17] . The equilibrium parameters are presented in table 1. For the binary NbN and CrN compounds the lattice constant and bulk modullus calculated here are compared with the available data experimental and theoretical. The calculated lattice constant and bulk modulus for NbN are in good agreement with obtained from other theoretical investigations, because the maximum discrepancies are ~ 0.68% and ~ 3.22%, respectively. While for CrN the lattice constant (4.16 Å) and bulk modulus (308 GPa) are in excellent agreement with previous theoretically and experimental work, being the maximum discrepancy of ~ 1.9% and ~ 0.65%. These discrepancies are smaller, which show the reliability of our present calculation.
We can see in table 1 the lattice constant of the Nb0.875Cr0.125N, Nb0,75Cr0.25N, Nb0,50Cr0.50N, and Nb0,55Cr0.75N alloys in the NiAs structure, increase with the concentration Nb atoms in the compounds. The increment of the lattice constant occurs because the radius of the Nb atom (1.46 Å) is bigger than radius Cr atom (1.27 Å). The figure 1(a) show the lattices constant (red line) and total energy/atom (blue line) versus Nb concentration. We found that the variation of the lattice constant no follows the Vegard's low, because the dependence the lattices with concertation Nb in nonlinear. In the total energy-concentration Nb curve (blue line in the figure 1(a) ), we can see that total energy in the ground state decrease with increase the concentration Nb, this indicate that the NbxCr1-xN compound is more stable when increase the concentration of the Nb atom, this happen because the NbxCr1-xN compound approaches the pristine NbN in the NiAS structure, which is the second metastable state of the NbN [18, 24] . We note that the bulk modules of the Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds change slightly with to respect pristine NbN, therefore the three compounds preserve its rigidity. In order to detailed compute, the energy stability, we calculated the formation energy and cohesion energy binary NbN and CrN compounds and of allowed ternary Nb0,75Cr0.75N, Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N.
Respectively. Where X = Nb, Cr, is total energy of the binary compound, and are the atomic energy of the X atom and nitrogen atom, respectively. The Formation energy for the alloy defined as the difference between the total energy of the ternary NbxCr1-xN compound and the total energy of the binary compound in their ground 
On the other hand, the cohesion energy for the allowed ternary is defined as:
The For the ternary compound we note that both formation energy and cohesion energy are negatives, therefore the alloys are stable energetically, being the most stable the Nb0.875Cr0.125N compound because have the formation and cohesion energy most lowest. Additionally, the moderates values for the formation energy indicate that these compound cm be grow easily. The figure 1(b) show the formation and cohesion energy as a function of Cr concentration. In the figure 1(b) verify again that Nb0.875Cr0.125N alloy in the most stable energetically, because have the values of formation and cohesion energy most negatives, very close to values of values of the formation and cohesion energy of binary NbN compound.
Electronic Properties
To calculate the total and partial density of states of the pristine NbN and ternary Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds the equilibrium parameter shown in table 1 were used. The DOS are presented in figure 2(a) -(e), respectively. The DOS of the pristine NbN NiAs-type is illustrated in the figure  2(a) . The NbN have a metallic behavior, it doesn't have magnetism because the spin-up channel is symmetric to spin-down channel. The first region between ~ 7 eV and ~ 1 eV is dominate by 4d-Nb, and 2p-N hybrid states, this indicate that a stronger covalent bond between nonmetal p and metal d electrons, which according the theory proposed by Jhi et al NbN [27] the bonding p-d give a positive contributions to hardness, which is responsible of the high hardness of NbN compound, this rigidity it can be viewed in the high value of the bulk module, 300 GPa calculated here. The second region between ~ 1 eV and the fermi Level is mainly dominated by 4d-Nb with a minimum contribution of the 2p-N states. The DOS of ternary Nb0,25Cr0.75N, Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds are shown in the figure 2(b)-(e), respectively. All ternary compound are metallics. The DOS reveal that due to presence of Cr atom, the allowed alloys acquires magnetic properties because the both spin-up and spin-down channels are nonsymmetric. We can see, in three compounds in valence band just below the Fermi Level the DOS is mainly dominated by 3d-Cr orbital with a minor contribution of 4d-Nb, and 2p-N orbitals. The values of total magnetic moment of the ternary compounds are 3.24 µβ/cell, 2.98 µβ/cell, 2.54 µβ/cell, and 2.95 µβ/cell, respectively. These magnetic properties come from of the hybridization and polarization between metallic 3d-Cr orbital and nonmetallic 2p-N orbitals. 
Conclusion
In summary, we study the structural and electronic properties of ternary Nb0,25Cr0.75N, Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds in NiAs phase, using the density functional theory. For the structural properties, we found that the lattice constant increase with Nb concentration, but the variation is nonlinear, there is large deviation of the Vegard's low. We calculated the formation energy, being the most stable the Nb0.875Cr0.125N compound with formation and cohesion energy of -1.34 eV and -7.78 eV, respectively. For the electronic and magnetic properties, the three ternary compounds exhibit a metallic character. The Nb0,50Cr0.50N, Nb0,75Cr0.25N, and Nb0.875Cr0.125N compounds have magnetic properties with a total magnetic moment of 3.24 µβ/cell, 2.98 µβ/cell, 2.54 µβ/cell, and 2.95 µβ/cell, respectively. This magnetic behavior is mainly dominated by 3d-Cr orbital with a minor contribution of 4d-Nb, and 2p-N orbitals. The magnetic properties comes from of the hybridization and polarization between 3d-Cr and 2p-N orbital.
